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Abstract 
Microalga Haematococcus pluvialis is reported as a large producer of carotenoid. One of the carotenoids produced by the 
microalgae is astaxanthin that can be used as antioxidant. The astaxanthin is known as “the king of antioxidant”, reportedly 800 
times stronger than Coenzyme Q10 (CoQ10), 75 times stronger than Alpha Lipoic Acid (ALA) and 6000 times stronger than 
Vitamin C. Research has discovered that astaxanthin absorbs more free radicals than any other antioxidants. It is also indicated 
for sun protection, exercising recovery and eye health. However, under normal condition, carotenoid and biomass of the 
microalgae are very low. Light stress treatment is reportedly able to enhance carotenoids in plants and presumably in microalgae. 
Therefore, this research aims to increase carotenoid and biomass of the microalga by using the combination of blue, red, and 
white with ultraviolet lights. The microalga H. pluvialis was cultured in Bold Basal medium for 14 days under irradiation of blue, 
red and white lamp (1500 lux) for 21 hours and irradiation of ultraviolet light (500 lux) for 3 hours. As a control, the microalga 
was cultured in Bold Basal medium under irradiation of white lamp (1500 lux) for 12:12 hours (dark and light cycle). Each 
treatment and control was repeated for three times. Its parameters were cell number, chlorophyll and carotenoid content. The 
number of cells was counted by Haemacytometer Neubauer 1 mm and chlorophyll, and carotenoids content were analyzed by 
spectrophotometry at absorbance of 700, 663, 645, and 478 nm. The combination of ultraviolet and blue light was the best 
treatment for increasing the total carotenoid and chlorophyll content since the total carotenoid content increased about 8 times of 
the control and the total chlorophyll content increased about 2 times of the control, they accounted for 5,1 mg / L and 6,55 mg / 
L, respectively. Meanwhile, the combination of ultraviolet and red light increased its biomass up to 1.4 x 104 cell /ml which was 
about 2 times of the control. 
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1. Introduction 
Increased pollution gives negative impact on the surrounding organisms, including humans. In addition, the use of 
chemicals and excessive irregular lifestyle will lead to free radicals that can damage the body. To prevent or reduce 
the risk of disease due to increased free radical, antioxidant was required. One of the most powerful antioxidants 
ever discovered belong to the class of carotenoids that can be obtained from the microalgae H. pluvialis is 
astaxantin1. It can be cultured in bioreactor for optimizing the space and grown under autotrophic or heterotrophic 
conditions for optimizing its biomass and content2. 
Carotenoids can be found in most vegetables, fruits, fish, and shellfish. It has benefits to the prevention of chronic 
diseases such as heart disease, cancer, and age degradation (to prevent premature aging)3. Carotenoids are potential 
to be developed for food and pharmaceutical industry as a food coloring agent and production of drugs3. 
H. pluvialis is green microalga, single-celled organism and floating in the water4. Microalgae can be grown in 
autotrophic and heterotrophic conditions. H. pluvialis belongs to Chlorophyta which normally has primary pigments 
of chlorophyll a and b, while the other contained pigments are carotenoids. Carotenoid pigments contained one of 
which is astaxanthin. This microalgae is able to accumulate astaxanthin more than 4% 2. Astaxanthin used in these 
microalgae H. pluvialis is as self-protection in the conditions gripped with ultraviolet light. Astaxanthin produced by 
H. pluvialis microalgae is a form of the response to ultraviolet light and the ultraviolet light used is around 385 nm 5.  
Astaxanthin is natural carotenoid that has exceptional antioxidant power. Astaxanthin is 550 - 1000 times more 
powerful than vitamin E, 6000 times more powerful than vitamin C, 800 times more powerful than the coenzyme 
Q10, 560 times stronger than EGCG (Green Tea), 75 times more powerful than Alpha Lipoic Acid, 40 times 
stronger than Beta Carotene, and 17 times more potent than grape seed6. Astaxantin is an antioxidant that is 100 
times more potent than α-tocopherol, so it is called "King of Antioxidant"7.  
However, the main obstacles are the low biomass and carotenoid content of these microalgae when they are 
cultured under normal conditions. So, to increase the carotenoid content, H. pluvialis was brought into the treatment 
of oxidative stress by giving the ultra violet light. Meanwhile, to increase the biomass of H. pluvialis, it was 
irradiated with blue, red, and white light. The use of ultraviolet light and visible light, which is part of the 
electromagnetic spectrum, produced effects on cell growth and carotenogenesis (carotenoid formation) in microbial 
cells8. Therefore, this research was aimed to increase the levels of carotenoids and biomass through various types of 
lights. 
 
2. Materials and Methods  
 
2.1. Preparation of Modified Bold Basal Medium (BBM) 
 
 The medium used in the culture of the microalga H. pluvialis was Modified BBM. The medium consists of 
macronutrient stock (25 g NaNO3, 2.5 g CaCl2.2H2O, 7.5g MgSO4.7H2O, 7.5 g K2HPO4.3H2O, 2.5 g NaCl dan 17.5 
g KH2PO4, each of them was dissolved in 250 ml water), iron stock (97 mg FeCl3.6H2O and 0.75g Na2EDTA 
dissolved in 250 ml water),  trace metal stock (41 mg MnCl2.4H2O, 5 mg ZnCl2, 2 mg CoCl2.6H2O and 4 mg 
Na2MoO4.2H2O dissolved in 250 ml water), and vitamin stocks  (0.12 g vitamin B1 dissolved in 100 ml water and 
0.1 g vitamin B12 dissolved  in 100 ml water). Each stock solution was sterilized using autoclave, except vitamins 
that were sterilized using Millipore membrane. A liter medium was prepared by adding 7.5 ml of the macronutrient 
stock of NaNO3, 2.5 ml of the solution of the macro stocks of CaCl2.2H2O, MgSO4.7H2O, K2HPO4.3H2O, NaCl, 
KH2PO4, 1.5 ml of the iron stock, 1.5 ml trace metal stock and 1 ml of the vitamin stock, then dissolved with water 
until 1 liter.  The pH was adjusted at 7-8. The medium was prepared in laminar air flow (LAF).  
2.2. Preparation of the Subculture of H. Pluvialis 
 
 The culture stock was prepared by culturing the cells of the H. pluvialis to get the density of 2x104 cell/L. The 
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BBM+V medium was put into 350 ml bottle. Then, they were added with100 mL of the culture stock of the H. 
pluvialis with the initial density of 2x104 cell/L, covered with cotton and aerated using aerator. There were three 
replications. 
 
2.3. Light Treatment 
 
 The combinations of the lights were blue, red and white lights (1500 lux) with ultraviolet light (500 lux) as 
treatments and white light (1500 lux) as control. Those intensities were measured by Lux meter. Each of the 
treatments of the blue and red light was given for 21 hours/day, and then followed by treatment of ultraviolet light 
for 3 hours/day, while the control (white light) was given for 12 hours/day. Those treatments were run at 23-24 oC 
for 14 days. Each treatment was repeated for three times.  
 
2.4. Calculation of Cell Number  
 
 In order to calculate the cell number, 0.9 ml sample was drawn from each of the cultures and mixed with 0.1 ml 
of alcohol 70% using micropipette. Subsequently, it was transferred to haemacytometer, and then the cells were 
counted under a light microscope connected to a computer equipped with Optilab software. 
 
2.5. Measurement of Chlorophyll and Carotenoid Content  
 
 Two ml sample of 5% SDS (Sodium Dodecyl Sulfate) was drawn in conical flask. The sample was centrifuged at 
70oC and 3300 rpm for 30 minutes. The supernatant of the sample was taken and added with 2 mL acetone. It was 
transferred to glass cuvette and then the cuvette was put into spectrophotometer and its absorbance was calculated at 
the wave length of 700, 663, 645 and 478 nm. The chlorophyll and carotenoid content were calculated using the 
following equation (Hata, et. al., 2001):  
A. Carotenoid (mg/ L): 
Carotenoid = (A 478 nm - A 700 nm) x 25 x 1000) 
      (200 x sample volume (mL)) 
B. Chlorophyll (mg/ L): 
Chlorophyll = 505 x (A 645 nm - A 700 nm) + 200,5 x (A 663 nm - A 700 nm) 
                                         Sample Volume (mL) 
     A= Absorbance 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
402   Eko Agus Suyono et al. /  Procedia Environmental Sciences  28 ( 2015 )  399 – 405 
3. Result and Discussion 
3.1. Biomass of H. pluvialis 
 
Fig. 1. Growth of H. pluvialis cells for 14 days in medium; Control ( ), White and ultraviolet lights ( ), Red and ultraviolet 
lights ( ), Blue and and ultraviolet lights ( ). 
 
As can be seen from Fig.1., the highest number of cells was in combination of red and ultraviolet light treatment 
which was 2 times more than the control on day 11 with the cell number reaching 14.066 cells/ mL. Red light has a 
wavelength of 630-675 nm9. Red light is one of the light spectrums that can be absorbed well by microalgae. 
Microalgae’s abundance is closely related to the presence of this red light. This possibility was related to the light 
absorption by chlorophyll occurred in the optimal light10. Energy emitted by red light was not too high and optimum 
for photosynthesis process as well as for cell reproduction (cell division). So, the biomass obtained from the 
treatment was the highest. 
3.2. Chlorophyll Content of H. pluvialis 
Chlorophyll is the green pigment containing porphyrin network and as a place to perform photosynthesis11. 
Photosynthesis is the process of generating energy for microalgae H. pluvialis. Chlorophyll content in microalgae 
demonstrated their photosynthetic ability. 
 
 
Fig. 2. The content of chlorophyll H. pluvialis for 14 days in medium;Control ( ), White and ultraviolet lights ( ), Red and 
ultraviolet lights ( ), Blue and and ultraviolet lights ( ). 
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Chlorophyll content was the highest in the combination of red and ultraviolet light treatment accounted for 3 
times more than control and occurred at day 10 of treatment with chlorophyll content reached 10 mg / L (Fig.2). The 
treatment did not damage the chlorophyll and chlorophyll content in the microalgae.  The increase was due to the 
optimal light absorption by chlorophyll occurred in red light10. Moreover, the short period of ultraviolet irradiation 
increased the chlorophyll content. 
Fig. 3. The content of chlorophyll per cell H. pluvialis for 14 days in medium fuel; Control ( ), White and ultraviolet lights ( ), 
Red and ultraviolet lights ( ), Blue and and ultraviolet lights ( ). 
 
Fig. 3 shows that the chlorophyll content per cell in the treatment of blue and ultraviolet light combination was 
the highest. This accounted for 1.5 times that of the control with the amount of chlorophyll content per cell was 66 
μg/cell. On the control, the chlorophyll content per cell was already experiencing a decline since day 7. This was due 
to the continuous exposure that made microalgae saturated faster in producing chlorophyll. 
 
3.3. Caratenoids Content of H. pluvialis 
Carotenoids are natural pigments that are synthesized in the plastids, soluble fats and quite important in the 
process of photosynthesis as it serves to absorb light12,13. Astaxanthin is one of the carotenoid with the highest 
antioxidant. 
 
 Fig. 4. The content of carotenoids H. pluvialis for 14 days in medium fuel;Control ( ),White and ultraviolet lights 
 ( ), Red and ultraviolet lights ( ), Blue and and ultraviolet lights ( ). 
 
Fig 4. Indicated that the total carotenoid content was highest in the treatment of blue and ultraviolet light which 
was 4 times more than the control on day 7. The carotenoid content was 5 mg/L. Irradiation with ultraviolet light 
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treatment in short period on microalgae H. pluvialis caused oxidative stress resulting more carotenoid production 
because carotenoids used for self-protection from ultraviolet light exposure.  
.  
Fig. 5. The content of Carotenoids per cell H. pluvialis for 14 days in medium fuel; Control ( ), White and ultraviolet lights (
), Red and ultraviolet lights ( ), Blue and and ultraviolet lights ( ). 
 
Carotenoid content per cell was also experienced an increase (Fig 5.). Carotenoid content per cell was highest in 
the treatment of blue and ultraviolet light combination reached 3 times more than the control on day 7 with the 
carotenoid content per cell was 23μ g / cell. 
It has been demonstrated that light quality has a strong influence on growth rate and it was similar to the result of 
the research14. The highest biomass was found under combination of red and UV light. This is because the red light 
enhanced the accumulation of carbohydrates15 as the main component of the microalgal cell wall and significantly 
contributed to the biomass weight. The highest chlorophyll content per cell was produced by the combination of red 
and UV light treatment since the blue light is important for chlorophyll biosynthesis16. The highest of total 
carotenoid content and carotenoid per cell was obtained from the treatment of blue and ultraviolet light combination 
because the carotenogenesis was controlled by UV-B receptor17Von Lintig J, Welsch R, Bonk M, Giuliano and the treatment 
of UV light in short time could give positive impact on microalga’s carotenoid content18. 
4. Conclusion 
In conclusion, the highest biomass microalgae H. pluvialis was produced by the combination of red and 
ultraviolet light. The combination of red and ultraviolet light increased the chlorophyll content by 3 folds but the 
combination of blue and ultraviolet light increased the chlorophyll content per cell 4 times. The highest of total 
carotenoid content and carotenoid per cell was obtained from the treatment of blue and ultraviolet light combination, 
accounted for 5 mg / L and 23 μg / cell, respectively. 
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